A revised global fit of electroweak ep and νp elastic scattering data has been performed, with the goal of determining the strange quark contribution to the vector and axial-vector form factors of the nucleon in the momentum-transfer range 0 < Q 2 < 1 GeV 2 . The two vector (electric and magnetic) form factors G s E (Q 2 ) and G s M (Q 2 ) are strongly constrained by ep elastic scattering data, while the major source of information on the axial-vector form factor G s A (Q 2 ) is νp scattering data. Combining the two kinds of data into a single global fit makes possible additional precision in the determination of these form factors, and provides a unique way to determine the strange quark contribution to the nucleon spin, ∆S , independently of leptonic deep-inelastic scattering. The fit makes use of data from the BNL-E734, SAMPLE, HAPPEx, G0, and PVA4 experiments; we will also compare the result of the fit with recent data from MiniBooNE, and anticipate how this fit can be improved when new data from MicroBooNE become available.
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Overview
The strange quark contribution to the elastic form factors of the nucleon has been the subject of intense experimental scrutiny for several decades. Experiments involving elastic scattering of neutrinos and anti-neutrinos (BNL E734 [1] ), and electrons (SAMPLE [2] , HAPPEx [3] [4] [5] [6] [7] , G0 [8, 9] , and PVA4 [10] [11] [12] ) from nucleons and nuclei have explored the strange quark presence in the nucleon by exploiting the electromagnetic and weak interactions in a variety of ways. These special data permit a simultaneous determination [13] of the strange quark contribution to the electric (G
, and axial (G s A (Q 2 )) form factors of the nucleon, which respectively allow us to understand how the strange quark contributes to the distribution of charge, current, and spin inside the nucleon. A global fit of these data has been performed, which sets strong limits on the size and
, and points out the need for additional neutrino scattering data at low Q 2 to complete a measurement of G s A (Q 2 ).
Strangeness Form Factors
Since the strange and anti-strange quarks have opposite electric charges, then they contribute to the strangeness electric form factor G 
Experiments
To access the strangeness vector form factors of the nucleon, there has been a series of measurements of parity-violating asymmetries in elastic electron-nucleon scattering [14] , in which the electron is longitudinally polarized and the asymmetry in the cross section arises from the parity-violating nature of Z-exchange. In forward scattering, the PV asymmetries are most sensitive to the electric form factor, whereas in backward scattering there is a significant contribution also from the magnetic and axial form factors. In neutrino-nucleon scattering, on the other hand, the most significant contribution comes from the axial form factor. To date, the only useful measurement of the neutrino-proton elastic scattering cross section is from BNL Experiment 734 [1] . Combining these two kinds of experiments together, allows the simultaneous determination of the strange quark contribution to the vector and axial form factors [13] . [16] , it was possible to determine also the strangeness axial form factor at a number of points where the HAPPEx and G0 experiments overlapped with the E734 data. All of these determinations are shown in Figure 1 . It is seen that both G s E and G s M are consistent with zero across the range 0 < Q 2 < 1 GeV 2 , whereas in the axial form factor G s A there is a signal for a non-zero value as we approach Q 2 = 0.
Determination of the Strangeness Form Factors at Specific Values of Q

Global Fit of the Strangeness Form Factors
Taken together, there are 48 data points from E734, SAMPLE, HAPPEx, G0 and PVA4. Not all of these are used in the determinations shown in FIgure 1 . To make use of all this data, it necessary to assume functional forms for the strangeness form factors and perform a global fit. Based on the results of the determinations at specific values of Q 2 , we have fit the form factors 
is the strangeness radius, µ s is the strangeness magnetic moment, ∆S is the strange quark contribution to the nucleon spin, and Λ A and S A determine the Q Table 1 . We see that the parameters representing the vector form factors (ρ s and µ s ) are consistent with zero, as expected. , and also from our global fit. The separate determinations were done by Liu et al. [15] (green squares at 0.1 GeV 2 ), Androić et al. [9] (blue inverted triangles), Baunack et al. [12] (red squares at 0.23 GeV 2 ), Ahmed et al. [7] (red triangles at 0.62 GeV 2 ), and Pate et al. [16] (open and closed circles). The preliminary results of our global fit (see text) are shown by the solid line; the 70% confidence level limit curves for the fit are shown as the dashed line in the right-hand panel. The vertical scale for G s A in the right-hand panel has been adjusted to accommodate the limit curves of the fit.
Strong limits are placed on the contribution of the strange quarks to the vector form factors throughout this Q 2 range. On the other hand, ∆S is also consistent with 0 but the uncertainty is very large because there are no νp orνp elastic data at sufficiently low Q 2 to constrain it. As a result the uncertainties in the global fit to G s A are very much larger than the uncertainties in the separate determinations of G s A in Figure 1 . We cannot determine ∆S in this method until additional neutrino scattering data are obtained at low Q 2 . 20 protons-on-target was performed (about one running year), using reasonable event selection cuts.
1 These simulated MicroBooNE cross section measurements were then fed back into our global fit program, and we observed the change in the uncertainties in the fit parameters; see the table below. It is seen that a measurement of the strangeness axial form factor at MicroBooNE can have a dramatic effect on this analysis, and we look forward to a determination of ∆S to come from this project in the next few years.
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